The total phenolic, flavonoid, coumarin, and volatile contents and antioxidant activities in three tissues of six Citrus grandis 'Tomentosa' (CGT) fruit varieties were investigated. Two flavones, 3 coumarins and 147 volatiles were identified. The exocarp contained 3 coumarins, however, no coumarins were identified in the mesocarp, and only isoimperatorin was found in the pulp. In the exocarp, mesocarp and pulp, 104, 79 and 71 volatiles were identified, respectively. FuMao (FM) contained the highest total phenolic, naringin and rhoifolin amounts; HouYeZhengMao (HY-ZM) contained the highest meranzin hydrate and bergapten amounts; and XiYangZhengMao (XY-ZM) contained the highest isoimperatorin amount. The ABTS radical scavenging power of HuangLongZhengMao (HL-ZM) was the strongest, and FM had the strongest DPPH radical scavenging effect and ferric ion reducing antioxidant power. According to overall performance, FM and HY-ZM are the top two varieties with the highest total phenolic, flavonoid, and coumarin contents and antioxidant capacities.
for the citrus industry. [11] CGT has been divided into six varieties according to the biological characteristics of the tree body and the density of trichomes on the fruit surface by local farmers, namely, HuangLongZhengMao (HL-ZM), HouYeZhengMao (HY-ZM), MiYeZhengMao (MY-ZM), XiYangZhengMao (XY-ZM), FuMao (FM) and GuangQing (GQ). The density of trichomes is ranked as ZhengMao>FuMao>GuangQing. It is commonly believed that the density of trichomes indicates the bioactivity of the fruit; namely, the denser its trichomes are, the higher the bioactivity of the fruit is. However, to the best of our knowledge, there is no scientific evidence to support this traditional viewpoint. In traditional medicine, CGT is primarily utilized in the form of whole fruits or separated pericarp, and those in the former form have a larger market share. [2] Moreover, it has been verified that the contents of flavonoids in whole fruits are significantly higher than that in just the epicarp. [2] Since the fruits of CGT are composed of the exocarp, mesocarp, and pulp, it is necessary to systematically investigate the compositions of the active ingredients in the different parts of the fruits. Meanwhile, the accumulative patterns of these bioactive secondary metabolites in CGT fruits could be revealed.
Flavonoids and volatiles are two kinds of bioactive components universally acknowledged in the fruit of CGT. [3, 12, 13] Additionally, two kinds of coumarins, meranzin hydrate and isoimperatorin, were also found in CGT fruits. [8] Naringin was identified as the major compound accounting for the antitussive and expectorant activities. [14, 15] Recent studies have also noted that coumarins have multiple biological activities, such as antitumoral, anticoagulant, anti-inflammatory, antimicrobial and antioxidant activities. [16] [17] [18] [19] The volatiles in CGT fruits not only exert antibacterial, antiinflammatory and expectorant functions but also play an important role in the quality control of the crude drug. [20] Xie et al. extracted 56 volatile compounds from the peels of CGT fruits by headspace solid-phase microextraction (HS-SPME) and compared the compounds with the extracts from steam distillation and solvent extraction, and the results obtained by HS-SPME showed satisfactory repeatability. [21] In the present study, six varieties (HL-ZM, HY-ZM, MY-ZM, XY-ZM, FM, and GQ) of CGT fruits were collected, and each fruit was divided into three biological parts (exocarp, mesocarp, and pulp) to compare the differences among the varieties and tissues. The flavonoids and coumarins were qualitatively measured by high-performance liquid chromatography diode-array detection (HPLC-DAD). The volatiles were extracted and identified by HS-SPME coupled with gas chromatography-mass spectrometry (GC-MS). The total phenolic contents (TPCs) and antioxidant activities were assayed by colorimetric methods. The objective of this study was to systematically evaluate and compare the chemical profiles and antioxidant activities in the different tissues of current varieties of CGT.
Materials and methods

Chemicals and reagents
Folin-Ciocalteu reagent, gallic acid, 2,20-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS), 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,4,6-tripyridyl-s-triazine (TPTZ) and Trolox were purchased from Sigma-Aldrich, Inc. (St. Louis, MO, USA). HPLC-grade naringin, rhoifolin, meranzin hydrate, bergapten, and isoimperatorin were purchased from Aladdin Reagent Co., Ltd., China. HPLC-grade acetonitrile and methanol were purchased from Thermo Fisher Scientific Inc. (Shanghai, China). All other chemicals were analytical grade and used as received.
Plant material and sample treatment
The CGT fruits were collected from a standard nursery regulated by Huazhou Huajuhong Medicinal Materials Development Co., Ltd. (with a Good Manufacturing Practice (GMP) certificate, Huazhou, Guangdong, China) in 2018. Six phenotypes of CGT were named according to the morphologies of the trichomes on the surface of the fruits. Their names were as follows: HuangLongZhengMao (HL-ZM or HL), HouYeZhengMao (HY-ZM or HY), MiYeZhengMao (MY-ZM or MY), XiYangZhengMao (XY-ZM or XY), FuMao (FM), and GuangQing (GQ), and the photos of their fruits were presented in Figure 1 . The fruits were picked in May according to the local harvesting and selling period. The exocarp, mesocarp and pulp of the fruits were separated carefully, lyophilized, and ground to 60 mesh. The phytochemicals were extracted according to previously published literature. [8] In summary, 0.5 g of the sample was extracted in 25 mL of methanol by an ultrasonicator for 30 min at 100 Hz. After centrifugation, the supernatant was filtrated and stored at −20°C before analysis.
Determination of the TPC
The TPC was determined by the Folin-Ciocalteau colorimetric method. [22] First, 10 µL of the extract was added to 990 µL of ultrapure water, and then 50 µL of Folin-Ciocalteu reagent was added to the diluted samples. Finally, the reaction was neutralized by a 30% (wt%) sodium carbonate solution. After standing at room temperature for 1 h, the absorbance at 725 nm was determined using a spectrophotometer (TECAN, Spark 10M). A standard curve of gallic acid was prepared under identical conditions with concentrations of 0, 0.2, 0.4, 0.6, 0.8, and 1.0 mg mL −1 . All tests were repeated at least three times, and the mean values with standard deviation were presented.
Ultra-performance liquid chromatography diode-array detection (UPLC-DAD) analysis
UPLC-DAD analysis was performed on an Agilent 1290 series UPLC system (Agilent, USA). The samples were separated on a reversed-phase ZORBAX RRHD Eclipse Plus C18 column (2.1 mm×50 mm, 1.8 μm). The flow rate was 0.2 mL min −1 , and the gradient conditions were as follows: solvent A (H 2 O-HCOOH, 99/1, v/v) and solvent B (CH 3 CN-HCOOH, 99/1, v/v); initially, 5% B; 0-0.6 min 15% B linear; 0.6-2 min 40% B linear; 2-5 min 70% B linear; 5-7 min 90% B linear; 7-9 min 5% B linear. The postrun was kept at 5% for 5 min to allow reequilibration of the column. The injection sample volume was 1 µL, and the DAD was set to monitor at 283 nm for naringin, 310 nm for isoimperatorin, 320 nm for bergapten, and 330 nm for rhoifolin and meranzin hydrate.
HS-SPME-GC-MS analysis
An amount of 0.2 g of CGT powder was weighed and transferred to a 20 mL flat bottom headspace vial, which was sealed with a headspace stopper and water bathed at 60°C for 5 min. The carboxen/ divinylbenzene/polydimethylsiloxane fiber (CAR/DVB/PDMS, 50/30 μm) attached in a solid-phase microextraction (SPME) holder was used to extract the volatile components of CGT from the vial. After adsorption for 30 min, the fiber was removed from the vial, and the volatiles were desorbed by exposing the fiber in the injection port of a GC/MS at 250°C for 3 min under 1 mL/min of gas flow.
The analysis of the volatiles in CGT was performed using a GC-MS instrument (Agilent 7890B-5977A) equipped with an electron impact (EI) ion source. The volatiles were separated on an HP-5MS capillary column (30 m × 0.25 mm × 0.25 μm; Agilent, USA). The oven temperature program was set as follows: 50°C initially for 1 min, increased to 145°C at 5°C/min, increased to 175°C at 7°C/min, increased to 195°C at 5°C/min, and then ramped to 250°C at 3°C/min; 250°C was maintained for 10 min. High purity helium (99.999%) was the carrier gas set at a constant flow rate of 1.0 mL min −1 . The injection port, transfer line, and ion source temperatures were all set at 250°C. An EI of 70 eV was adopted, and the mass scanning range was set from 30 to 400 amu in full scan. The injection was performed in split mode with a split ratio of 10:1. The solvent delay time was set for 1 min for all samples. An Agilent MassHunter workstation was used to process the data.
Antioxidant activity
ABTS assay
The ABTS free radical scavenging activities of the CGT extracts were assessed as described in a previous method [23] with minor modifications. Briefly, a stock solution was prepared by dissolving 0.384 g and 0.134 g of ABTS and potassium peroxodisulfate into 200 ml of distilled water and then kept in the dark at room temperature for 16 h. The stock solution was diluted with 0.1 mmol L −1 PBS (pH 7.2-7.4) to absorbance values of 0.70 ± 0.02 at 734 nm. Then, 1 mL of the ABTS working solution was mixed thoroughly with 50 µl of the sample, and after 30 min of incubation at room temperature in the dark, the absorbance was recorded at 734 nm. Equivalent amounts of various concentrations of Trolox were reacted with the ABTS working solution to draw a standard curve for calculating the ABTS antioxidant activity. The data were presented as milligrams of Trolox equivalents per 100 g of dry weight (mg TE/100 g DW).
DPPH assay
The free radical scavenging activities of the CGT extracts were also determined by the modified DPPH method. [24] First, 3.5 mg of DPPH was dissolved in 10 ml ethanol, and then, 2 ml of the stock solution was diluted with 98 ml ethanol to make the final DPPH working solution. Second, 0.2 ml of the sample was rapidly added to 1.8 ml of the DPPH working solution and kept in the dark at room temperature for 30 min; then, the absorbance of the mixture was measured at 517 nm. Equivalent amounts of various concentrations of Trolox were reacted with the DPPH working solution under identical conditions to generate a standard curve. The DPPH antioxidant activities were calculated and expressed as milligrams of Trolox equivalents per 100 g of dry weight (mg TE/100 g DW).
Ferric reducing antioxidant power (FRAP) assay
The FRAP assay of the CGT extracts was performed according to a previously published method [25] with minor modifications. In summary, a 300 mmol L −1 acetate buffer (pH 3.6), 10 mmol L −1 TPTZ (in 40 mmol L −1 HCl) and 20 mmol L −1 FeCl 3 · 6H 2 O were mixed in a ratio of 10:1:1 and then warmed at 37°C before utilization. Then, 50 µL of the sample was reacted with 950 µL of the TPTZ working solution at 37°C for 30 min out of light. Finally, the absorbance at 593 nm was recorded, and a Trolox standard curve was generated. The FRAP antioxidant activities were calculated and expressed as milligrams of Trolox equivalents per 100 g of dry weight (mg TEAC/100 g DW).
Statistical analysis
Data are shown as the mean ± standard deviation of the three replicates. Significant differences among the samples were calculated using one-way analysis of variance (ANOVA), followed by LSD (L) multiplerange test at the 5% level (p < .05). The Pearson correlation coefficients were calculated in a bivariate correlation fashion. [26] The statistical analysis was performed using SPSS software (SPSS for Windows, Release 19.0, SPSS Inc.). Table 1 The highest TPC was found in the pulp of FM, and the lowest TPC was found in the exocarp of GQ. There was a distinct difference in the phenolic contents between the different fruit tissues. On average, the pulp (42.75 mg GAE g −1 DW, ignorance of the error for all the mean values) contained the highest amounts of phenolic compounds, followed by the mesocarp (31.26 mg GAE g −1 DW) and exocarp (21.54 mg GAE g −1 DW). The highest TPCs of the whole fruits were found in the FM variety, with an average value of 38.19 ± 0.56 mg GAE g −1 DW. The different contents of total phenolic were observed in both the different varieties and the fruits parts. Nevertheless, it is difficult to compare the TPCs of CGT with that of other fruits reported previously since other factors including geographical origin, cultivation model and extraction methods might affect the contents of secondary metabolites beside the different varieties and fruit tissues. [27, 28] 
Results and discussion
Determination of the TPC
As shown in
Quantification of the flavones and coumarins
In the present study, 2 flavones (naringin and rhoifolin) and 3 coumarins (meranzin hydrate, bergapten and isoimperatorin) were identified in CGT. Naringin and rhoifolin were detected in all of the samples. However, no coumarins were detected in the mesocarp tissue, and isoimperatorin was only found in the pulp.
According to Table 2 , the naringin contents of the exocarp, mesocarp and pulp of the six CGT varieties varied from 12.35 ± 0.14 to 33.94 ± 0.69 mg g −1 DW, 54.51 ± 0.62 to 80.40 ± 0.75 mg g −1 DW and 157.78 ± 0.81 to 251.56 ± 1.03 mg g −1 DW, respectively. The difference in the naringin contents of the different tissues was significant, with rankings of HY-ZM > GQ > FM > MY-ZM > XY-ZM > HL-ZM, FM > MY-ZM > GQ > XY-ZM > HY-ZM > HL-ZM and XY-ZM > FM > HY-ZM > HL-ZM > GQ > MY-ZM in the exocarp, mesocarp and pulp, respectively. Similar to the contents of phenolic compounds, the pulp (192.26 mg g −1 DW) contained the largest amount of naringin, followed by the mesocarp (66.51 mg g −1 DW) and exocarp (26.78 mg g −1 DW). The highest content of naringin was in the pulp of XY-ZM (251.56 ± 1.03 mg g −1 DW), and the lowest content was found in the exocarp of XY-ZM (12.35 ± 0.14 mg g −1 DW). The rhoifolin content was in the following order HY-ZM > GQ > FM > XY-ZM > MY-ZM > HL-ZM, FM > MY-ZM > HY-ZM~GQ > XY-ZM > HL-ZM and XY-ZM > FM > HY-ZM > HL-ZM~GQ > MY-ZM in the tissues of the exocarp, mesocarp and pulp, respectively. In contrast to the results of the naringin content, the average content of rhoifolin in the exocarp (41.40 mg g −1 DW) was higher than that in the mesocarp (21.22 mg g −1 DW), and the content in the pulp (43.40 mg g −1 DW) was slightly higher than that in the exocarp. The highest content of rhoifolin was in the exocarp of HY-ZM (65.21 ± 1.55 mg g −1 DW), and the lowest was found in the exocarp of HL-ZM (14.31 ± 0.12 mg g −1 DW). In addition, the whole fruit of FM contained the highest average amounts of naringin (77.65 mg g −1 DW) and rhoifolin (36.56 mg g −1 DW). The contents of naringin and rhoifolin were comparable to that of Citrus wilsonii. [29] As presented in Table 3 , the contents of meranzin hydrate, bergapten and isoimperatorin of the exocarp of the six CGT varieties varied from 0.82 ± 0.02 to 2.67 ± 0.08 mg g −1 DW, 5.85 ± 0.04 to 19.87 ± 0. 
Identification of the volatile compounds
GC-MS is a powerful technique for the identification of volatile compound, and headspace solidphase microextraction (HS-SPME) has a lot of advantages such as satisfactory extraction efficiency, good repeatability and less sample amount consuming. [21] Hence, in this study, a combined method of HS-SPME-GC-MS was carried out to extract the volatiles from the exocarp, mesocarp and pulp of the various CGT varieties. Fig. S1 illustrates the total ion chromatograms (TICs) of all samples. The profiles exhibited significant differences in the TICs among the different tissues. Detailed information is presented in Table S2 , Table S3 and Table S4 . As shown in Table S2 , a total of 104 volatiles were detected in the exocarp, including 47 terpenes, 25 alcohols, 17 aldehydes, 5 esters, and 3 alkanes. From Table S3 , 82 compounds were identified in the mesocarp containing 41 terpenes, 18 alcohols, 10 alkanes, 8 aldehydes, 4 esters, and 1 oxide. As described in Table S4 , 72 compounds were determined altogether in the pulp consisting of 47 terpenes, 10 alkanes, 8 alcohols, 3 aldehydes, 2 esters, 1 ketone, and 1 oxide. Consequently, terpenoid (34.05-81.45%) was the most dominant chemical group among the volatiles discovered in CGT across the different tissues, followed by the alcohols (4.21-32.20%), which is consistent with a previous report. [21] The major volatiles of the 27 compounds are shown in Table 4 , consisting mainly of terpenes and alcohols. The most abundant compound in the exocarp on average was germacrene-D (27.40%), followed by nerolidol (7.89%), D-limonene (7.32%), α-terpineol (6.88%), βcaryophyllene (5.07%), geraniol (3.47%) and linalool (3.00%). However, in the mesocarp, D-limonene (15.28%) was the most abundant on average, followed by germacrene-D (12.02%), α-terpineol (7.22%), linalool (5.08%), β-caryophyllene (3.07%), β-myrcene (2.99%) and γterpinene (2.62%). In terms of the pulp, germacrene-D (20.72%) was the predominant compound, followed by β-caryophyllene (17.89), D-limonene (10.10%), γ-terpinene (4.64%), β-myrcene (4.21%), nerolidol (3.36%) and β-elemene (2.60%). Notably, γ-muurolene was not detected in all exocarps, and indole was unique in the exocarp samples, which was only described in C. grandis, C. bergamia and C. limon. (±)-δ-Elemene, neryl acetate, geranyl acetate and nerolidol were not detected in all mesocarps, and geraniol was not determined in all pulps. In contrast to a previous report on C. grandis [30] , linalool was determined with a percentage higher than 1.00% in almost all samples of CGT. Nerol, neral, geraniol, citral, indole, neryl acetate, β-caryophyllene, γ-elemene, α-caryophyllene, nerolidol, phytane were the major compounds detected in CGT for the first time. It is worth noting that thymol was identified in all exocarps and in the pulp of HY-ZM, which is different from a recent review that described that thymol had not been reported in C. grandis. [31] Recently, thymol was shown to have antifungal, anticancer, antibacterial and hepatoprotective activities. [32] [33] [34] [35] Thus, thymol can be used to inhibit oral bacteria and as an antioxidant in food preservation. Moreover, thymol has also been reported as a therapy for wound repair. [36] In the samples of exocarp among the six varieties, the compositions of the main volatiles are almost identical. However, the amounts of volatiles in the mesocarp of FM and GQ are slightly larger than those in the ZhengMao series.
Assay of the antioxidant activities
The antioxidative activities of all the samples were assayed by three methods of ABTS, DPPH and FRAP, and the results were expressed as the Trolox equivalent antioxidant capacity, as shown in Table 5 . The ABTS value showed significant differences among the different varieties, and the highest value (6.14 ± 0.01 mmol TEAC/100 g DW) was found in the pulp of HY-ZM. In the exocarp, mesocarp and pulp, the ABTS radical scavenging ability was ranked as HL-ZM > HY-ZM > FM > MY-ZM > XY-ZM~GQ, HL-ZM > HY-ZM > FM > MY-ZM > XY-ZM~GQ, and HY-ZMX Y-ZM~HL-ZM > MY-ZM > FM > GQ, respectively. The rule of the order in the exocarp and the mesocarp was the same. Overall, the radical scavenging abilities by ABTS among the three tissues were ranked as pulp > mesocarp > exocarp, which were in agreement with the results of the phenolic contents. However, there was no such pattern in the results of the DPPH and FRAP methods. For the DPPH and FRAP assays, the highest values were observed in the mesocarp of FM (4.28 ± 0.02 mmol TEAC/100 g) and the pulp of HL-ZM (4.44 ± 0.06 mmol TEAC/100 g). There were three different levels of antioxidant activities measured by the DPPH and FRAP methods, except in the mesocarp sample determined by the DPPH method. The antioxidant activities of the whole fruits were also determined according to the weight ratios and are shown in Table 5 . Notably, the results of the ABTS, DPPH and FRAP assays were different from each other, which indicated that the complex chemical compositions simultaneously contribute to the antioxidant activities of CGT. The ABTS radical scavenging abilities of CGT in all samples were higher than that of finger millet which is a common staple food for populations in developing countries. [37] Correlation analysis Correlation coefficients between antioxidant activity and the phytochemical contents measured in this study are shown in Table 6 . The content of isoimperatorin is correlated (p < .05) with the antioxidant activity as determined by DPPH and FRAP methods. Remarkably, the contents of naringin, rhoifolin, meranzin hydrate, and bergaptan were strongly correlated (p < .01) with the total phenolic contents. The antioxidant activity of chemical compound was reported to be mainly correlated with their chemical structures. For example, the number and location of hydroxyl groups on the flavonoid ring system determined the antioxidant effect, although other factors also had HL-ZM 5.23 ± 0.05a 3.14 ± 0.07a 4.06 ± 0.10a 5.69 ± 0.04a 2.41 ± 0.02c 2.30 ± 0.12a 6.08 ± 0.004a 3.75 ± 0.000a 4.44 ± 0.06a 5.75 ± 0.03a 2.86 ± 0.03c 3.14 ± 0.03d 2 HY-ZM 5.08 ± 0.06b 2.89 ± 0.02b 3.90 ± 0.01a 5.65 ± 0.02b 2.33 ± 0.06c 2.72 ± 0.002b 6.14 ± 0.01a 3.72 ± 0.08a 4.08 ± 0.07b 5.65 ± 0.04b 2.71 ± 0.06d 3.41 ± 0.03c 3 MY-ZM 4.83 ± 0.03d 2.65 ± 0.05c 2.73 ± 0.02c 5.62 ± 0.01d 2.07 ± 0.01e 2.58 ± 0.02c 5.93 ± 0.03b 2.49 ± 0.04d 3.08 ± 0.03c 5.39 ± 0.02d 2.43 ± 0.03f 2.95 ± 0.03f 4 XY-ZM 3.92 ± 0.05e 2.17 ± 0.02d 2.45 ± 0.09c 5.59 ± 0.05e 2.30 ± 0.07d 2.66 ± 0.04c 6.09 ± 0.02a 3.68 ± 0.02a 3.57 ± 0.08c 5.05 ± 0.04e 2.56 ± 0.02e 3.02 ± 0.04e 5 FM 4.97 ± 0.09c 2.97 ± 0.05b 3.15 ± 0.07b 5.74 ± 0.03c 4.28 ± 0.02a 4.08 ± 0.05c 5.81 ± 0.07c 3.18 ± 0.10b 3.51 ± 0.08c 5.55 ± 0.04c 4.16 ± 0.04a 4.16 ± 0.04a 6 GQ 3.91 ± 0.03e 2.62 ± 0.06c 3.77 ± 0.36a 4.95 ± 0.02e 2.82 ± 0.04b 3.02 ± 0.05c 4.60 ± 0.04d 2.80 ± 0.03c 3.31 ± 0.22c 4.55 ± 0.03f 2.93 ± 0.03b 3.45 ± 0.03b * TEAC is the abbreviation of trolox equivalent antioxidant capacity.
a All values are mean±SD except the values of whole fruit.
effects. [38] In our study, the content of isoimperatorin was confirmed as largely responsible for the antioxidant activity of CGT. However, it has been reported that flavonoids are powerful radical quenchers in various systems. [39] Naringin, rhoifolin, meranzin hydrate, and bergapten were highly correlated with the total phenolic contents, and the content of naringin was the primary contributor to the total phenolic contents. Flavonoids, coumarins, volatiles, and polysaccharides are proved to be the main metabolites of CGT fruits. In our previous study, an active acidic polysaccharide was purified and structurally characterized with the ability to the anti-proliferation toward cancer cells. [40] The present study focused on the comparison of main secondary metabolites in CGT fruits among different varieties and parts. The correlation analysis further verified that the antioxidant activities of CGT fruits were not determined solely by single or several metabolites, and complex chemical compositions simultaneously are playing a part to the bioactivity of CGT fruits. Therefore, further work of the global metabolites assay in CGT should be performed.
Ranking analysis
A ranking analysis of the TPCs, flavone and coumarin amounts, and antioxidant capacities among the varieties was carried out and is presented in Table 7 . The rank refers to the whole fruit values calculated according to the weight ratios of the different tissues shown in Table S1 . The overall performances of these varieties were examined using a previously reported method. The lowest summative rank was regarded as the highest overall performance of the fruits. [41] Therefore, according to this standard, the best variety is supposed to be FM, which does not have the densest trichomes, thus contradicting the traditional view of the more pubescent the fruit is, the better. However, GQ, whose trichomes are the thinnest, performed the worst in the ranking analysis, which affirmed the traditional view. In addition, the best in the ZhengMao series is HY-ZM.
Conclusion
In summary, the difference in the phenolic contents among the different fruit tissues was distinct, and in general, the phenolic content could be ranked as pulp > mesocarp > exocarp. The exception was that the exocarp contained more kinds of coumarins and volatiles than did the mesocarp and pulp. The pulp only contained isoimperatorin, and the mesocarp contained none of the coumarins. Terpenoids were the most abundant volatile chemicals in the fruits of CGT, including germacrene-D, D-limonene and β-caryophyllene as the top three compounds. Thymol was identified in all of the exocarps of CGT, and a trace amount of thymol was found in the pulp of HY-ZM. Briefly, the distributions of these secondary metabolites are significant in the different tissues and among the varieties of CGT fruits. With the help of ranking analysis, it can be proposed that FM and HY-ZM exhibit outstanding potentials as premium varieties of CGT. These results may provide important information not only for pharmaceutical manufacturing but also for cultivators and breeders.
